Objective: Static monitors for assessing the fluid status during major surgeries and in critically ill patients have been gradually replaced by more accurate dynamic monitors in modern-day anaesthesia practice. Pulse pressure variation (PPV) and systolic pressure variation (SPV) are the two commonly used dynamic indices for assessing fluid responsiveness. Methods: In this prospective observational study, 50 patients undergoing major surgeries were monitored for PPV and SPV: after the induction of anaesthesia and after the administration of 500 mL of isotonic crystalloid bolus. Following the fluid bolus, patients with a cardiac output increase of more than 15% were classified as responders and those with an increase of less than 15% were classified as non-responders. Results: There were no significant differences in the heart rate (HR), mean arterial pressure (MAP), PPV, SVV, central venous pressure (CVP) and cardiac index (CI) between responders and non-responders. Before fluid bolus, the stroke volume was significantly lower in responders (p=0.030). After fluid bolus, MAP was significantly higher in responders but there were no significant changes in HR, CVP, CI, PPV and SVV. In both responders and non-responders, PPV strongly correlated with SVV before and after fluid bolus. Conclusion: Both PPV and SVV are useful to predict cardiac response to fluid loading. In both responders and non-responders, PPV has a greater association with fluid responsiveness than SVV.
Introduction
M anaging intraoperative fluid therapy in major surgeries can be challenging. Preoperative fasting and general anaesthesia reduce intravascular volume, blood pressure as well as tissue perfusion in patients undergoing surgeries. Hypovolaemia increases the risk of vital organ dysfunction, but excessive intravenous fluid administration can also have deleterious effects. Thus, judicious intravenous fluid supplementation to achieve optimum cardiac performance is one of the most important haemodynamic goals in patients undergoing major surgeries. Objective quantification of the intravascular fluid status can be very difficult and erroneous. Central venous pressure (CVP) monitoring and pulmonary capillary wedge pressure (PCWP) have been traditionally used to estimate the circulating blood volume, but studies have shown that these monitors cannot reliably estimate preload (1) or predict responsiveness to fluid therapy (2) (3) (4) . On the other hand, analysis of arterial pressure contour is a very effective way to assess the haemodynamic status during major surgeries (5) . Several studies have reported that dynamic variables obtained from arterial pressure waveform analysis, such as pulse pressure variation (PPV) and stroke volume variation (SVV), are appropriate indicators to assess fluid responsiveness in patients under mechanical ventilation. SVV is a reliable predictor of fluid responsiveness (6) . However, the assessment of SVV requires special monitors such as Vigileo monitors with FloTrac transducers (Edwards Lifescience, USA), which may not be widely available. The Vigileo-FloTrac system, which is based on analysis of arterial pulse contour, does not need external calibration, dye dilution, or thermodilution. This system provides a nearly beat-to-beat estimate of stroke volume (SV) and SVV. The device is accurate in assessing the cardiac output and SVV, which has been tested in several settings.
Pulse Pressure Variation (PPV) is a derivative of the arterial pulse waveform integrated in monitors of most anaesthesia workstations. The aim of the study was to validate the accuracy and effectiveness of PPV (measured using standard anaesthesia monitors integrated with workstations) compared with those of SVV (measured using a FloTrac transducer and Vigileo monitor) in predicting fluid responsiveness in patients undergoing major surgeries.
Methods
Institutional Ethics Committee approval was obtained prior to conducting this prospective observational study. The participants were provided a detailed explanation about the purpose of the study and were assured about the confidentiality of the information and that their participation was entirely optional. Written informed consent was obtained from 50 patients undergoing major non-cardiac surgery in a tertiary care hospital. Patients who hadAmerican Society of Anesthesiologists (ASA) physical status 1-3, were aged between 18-60 years, had undergone surgery and required invasive arterial pressure and CVP monitoring at the discretion of the attending anaesthesiologist were included in the study. Patients with any history of arrhythmias, significant valvular diseases, pulmonary hypertension, left ventricular ejection fraction less than 40%, or right ventricular dysfunction respiratory disorders that would result in elevated peak airway pressures wereexcluded from the study. After patient's arrival to the operating room, standard ASA monitors were placed. Anaesthesia was induced using propofol, and vecuronium was used to facilitate tracheal intubation. Patients were ventilated withan inspired oxygen fraction of 0.50 with a tidal volume of 8 mL kg -1 ideal body weight and with no positive end expiratory pressure (PEEP). The respiratory rate was adjusted to maintain an end-tidal carbon dioxide concentration of 35-40 mmHg. After the induction of anaesthesia, a 20-gauge arterial cannula was placed in the radial artery. Arterial pressures were measured using a FloTrac transducer and Vigileo monitor, and PPV was calculated using a standard anaesthesia workstation. Newer anaesthesia workstationshave the features of measuring PPV in response to fluid replacement therapy. This feature can be used with standard arterial pressure contour analysis. Clinicians can freeze a pressure waveform and identify the maximum and minimum pressure pulses, which coincide with the respiration cycles, and can estimate PPV. The machine automatically calculates PPV and displays it.Both PPV and arterial blood pressure values were considered as the average of three consecutive values at a 1-minute interval. A triple-lumen (7 Fr) central venous catheter was inserted in the right internal jugular vein or right subclavian vein and used for CVP monitoring and the administration of vasopressors, if required. During measurements and fluid trial, any manipulation such as tilting the operating table, urinary catheter insertion or any surgical intervention was strictly avoided. After establishing the apparatus, the first set of readings of both variables was recorded and the patient was infused with two boluses of 250 mL isotonic electrolyte solution (Sterofundin ISO; B Braun Medical, Switzerland) over a period of 10 minutes. After each bolus, SVV and PPV were recorded. Cardiac output (CO) was calculated from stroke volume (SV) and heart rate (HR) (CO=SV×HR).
The values were recorded at baseline and after each bolus of fluid infusion, and this was used to classify patients as responders and non-responders. Following the crystalloid bolus, patients with a cardiac output increase of more than 15% were classified as responders and those with an increase of less than 15% were classified as non-responders. Systolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP), HR, Mean Arterial Pressure (MAP), CO, PPV and SVV were simultaneously recorded at each time point.
The primary objective was to measure PPV and SVV before and after fluid infusion to the patient undergoing major surgery and to classify patients as responders and non-responders based on the percentage change in CO and the secondary objectives were to compare and validate the accuracy and predictability of fluid responsiveness measured using PPV and SVV.
Statistical analysis
All statistical analyses were performed using IBM Statistical Package for the Social Sciences (IBM SPSS Statistics, Armonk, NY, USA) version 20. The clinical profile of patients was analysed using chi-square test for qualitative variables and Student's t-test for quantitative variables. The correlation between quantitative outcomes was assessed using Pearson's correlation. A p value less than 0.05 was considered statistically significant.
Results
A total of 50 patients were included in this study. Of them 64% were males and 36% were females and most of them belonged to ASA physical status II (78%). The mean age of the patients was 44.36 (SD±10.8) years. Patient characteristics and preoperative findings are presented in Table 1 . We observed no technical failure in either device. After anaesthesia induction and endotracheal intubation, baseline haemodynamic parameters were as follows: 115±10 mmHg (SBP), 69±8 mmHg (DBP), 84±7 mmHg (MAP), 16±2 (SVV), 73±6 beats per min (HR) and 2.6±0.3 m -2 min -1 (cardiac index, CI). There were 25 (50%) responders, defined by an increase Table 2 . Before fluid infusion, SV was significantly lesser in responders than in non-responders (p=0.030). After fluid infusion, MAP was significantly higher in responders than in non-responders (p=0.07), while there were no significant changes in HR, CVP, CI, PPV and SVV (p=0.08, 0.74, 0.49, 0.89 and 0.56, respectively) between responders and non-responders. Correlations between different parameters in responders and non-responders are outlined in Tables  3-10 . In responders, PPV before and after fluid loading was strongly correlated with SVV before fluid loading (Pearson's correlation coefficient=0.875, 0.685 and 0.769, respectively, p<0.001). A similar significant positive correlation was observed in non-responders. SVV and PPV were found to have a direct correlation with the degree of fluid responsiveness, expressed as CI. PPV and SVV showed better correlation with CI in responders than in non-responders, but the results were not significant. This may be due to a small sample size. Our results demonstrate the efficacy of SVV and PPV in predicting cardiac response to intravenous fluid loading in the given clinical setting. In both responders and non-responders, PPV has a greater association with fluid responsiveness than SVV.
Discussion
Determination of the intravascular volume status based on clinical parameters can be difficult as well as misleading in Turk J Anaesthesiol Reanim 2017; 45: 210-7 Several studies have demonstrated that PPV and SVV, which are derived from pulse contour analysis, and plethy smographic variation, which is derived from the change in the amplitude of the pulse oximetry waveform, are highly predictive of fluid responsiveness (7) .
Turk J Anaesthesiol Reanim 2017; 45: 210-7 Stroke volume variation occurs because of a cyclical change in intrathoracic pressure caused by positive pressure mechanical ventilation. SVV has been recognised as a concept for guiding intravenous fluid therapy more than 20 years ago (8) . This variable is the result of decreased venous return to the heart during positive pressure inspiration. SVV results in a concomitant change in arterial pressure and its objective estimation is possible by systolic pulse variation (SPV) and PPV. Both these variables have been used to assess fluid responsiveness in a number of clinical studies and have been shown to be sensitive in predicting the ventricular response to fluid loading (9-11). However, Michard et al. (12) found PPV to be superior to SPV because it reflects changes in transmural pressures more accurately and is less affected by extramural pressures changes such as pleural pressure. Another study found that SPV cannot be explained by only left ventricular volume changes and other factors such as intrathoracic and airway pressure changes affect SPV (13) . Both these variables may be affected by changes in the vasomotor tone (14) .
The current PiCCOplus monitoring system displays PPV values automatically in real time. In one study, SVV was found to be useful to assess the fluid responsiveness in postoperative patients with preserved as well as diminished left ventricular function (15) , whereas in another study, no strong correlation was observed between SVV and changes in SV during a preoperative fluid bolus trial (16) . Contradictory findings from a number of published studies may be the result of significant differences in designing these studies, e.g. adopting different ventilatory strategies and fluid therapy protocols and differences in the cardiovascular reserve of the studied patient population. Some authors have even questioned the importance of SVV in accurately assessing fluid responsiveness (14) .
There are very few studies that have directly compared SVV with other estimates of SV variation. One such study found a close relationship between SVV and SPV (17) , and both these variables can predict fluid responsiveness. Again, in another study, both were found to SVV and PPV correlate well with each other, but the prediction of fluid responsiveness was not studied (18) .
Conclusion
Stroke volume variation assessed by a FlowTrac transducer and Vigileo monitor and PPV assessed by anaesthesia workstation-integrated monitors showed comparable performance in predicting fluid responsiveness in patients undergoing major surgeries. PPV monitoring is cost-effective because the transducer used to estimate SVV is more expensive. Therefore, if the appropriate monitor is available, PPV could be preferred for preload estimation in patients undergoing major surgeries.
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